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DRIVING FORCE TRANSMISSION MECHANISM, 
IMAGE FORMING APPARATUS EQUIPPED WITH SUCH A MECHANISM, 
AND PROCESS UNIT OF SUCH AN APPARATUS 

5 FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to an image 
forming apparatus equipped with a driving force 
transmission mechanism, and a process unit used by 
such an image forming apparatus. 

10 Conventionally, a driving system for driving 

a photoconductive drum, as an image bearing member, of 
an image forming apparatus such as a copying machine, 
a printer, or the like comprises: a driving gear, 
which receives the driving force from the motor of 

15 the main assembly of the image forming apparatus, and 
transmits the driving force; and a gear shaft, which 
is coaxial with the driving gear, and rotates with the 
driving gear. There are two methods for driving a 
photoconductive drum with the use of such a driving 

20 system: a driving method which employs a driving shaft 
with a coupling, and a driving method which employs a 
driving shaft without a coupling. Figure 12 shows the 
rough concept of a driving method which employs a 
driving shaft without a coupling. 

25 Referring to Figure 12, a gear shaft 13 

directly connected to a drive gear 12 is put through a 
photoconductive drum 80, and is used as the drum shaft 
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for the photoconductive drum 80. In this case, the 
photoconductive drum 80 is supported so that it 
rotates with the gear shaft 13. With this driving 
method, the rotation of the driving gear 12 for 
5 transmitting the driving force of a motor 11 is 

directly transmitted to the photoconductive drum 80. 

Figure 13 shows the rough concept of the 
driving method which employs a driving shaft with a 
coupling. In this case, the gear shaft 13 is 
10 indirectly connected to the photoconductive drum 80, 
with the interposition of a coupling 23, and the 
driving force from the motor 11 is transmitted to the 
photoconductive drum 80 through the gear shaft 13 and 
coupling 23. 

15 Comparing the two driving methods, the method 

which employs a coupling is superior in terms of cost. 
Further, in the case of an image formation system 
constructed around a photoconductive drum, a 
photoconductive drum has come to be integrally 

20 disposed, along with a single or a plurality of 
processing apparatuses, such as a developing 
apparatus, in a cartridge (process cartridge). 
Consequently, it has become considered important how 
easy a process cartridge is to mount into, or dismount 

25 from, the image forming apparatus main assembly. This 
has called attention to various couplings, that is, 
devices for connecting two shafts to transmit driving 
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force from one shaft to the other. Among various 
couplings, couplings such as the one shown in Figure 
14 which comprises a combination of a female type 
coupler and a male type coupler, and in which driving 
force is transmitted through the engagement between 
the two couplers, has begun to attract special 
attention because of its superiority in terms of 
driving force transmission performance. The couplings 
such as the one shown in Figure 14 have come to be 
widely used, because of their advantage in driving 
force transmission performance. 

However, a coupling based driving method is 
inferior to a direct driving method in terms of 
driving force transmission accuracy; in other words, 
there is a concern that a coupling based driving 
method suffers from the problem regarding the angle at 
which two shafts are connected to each other by a 
coupling, the problem regarding how two shafts are 
aligned with each other by a coupling, or the like 
problems. When an image forming apparatus suffers 
from the problems described above, an image becomes 
misaligned relative to recording medium, degrading 
image quality. This problem is particularly 
conspicuous in an image forming apparatus which forms 
a color image on recording medium by placing a 
plurality of images different in color, in layers. 

As a coupling for solving the above described 
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problems, there is a coupling comprising a combination 
of a female type coupler and a male type coupler, 
at least one of which is in the form of a polygonal 
piller. Figure 15 shows an example of such a 
5 coupling comprising a female type coupler with a hole 
in the form of a polygonal pillar, and a male type 
coupler with a projection in the form of a polygonal 
pillar. 

Referring to Figure 15, a gear shaft 13, that 

10 is, one of the components of the driving system I of 

the apparatus main assembly, is provided with a female 
type coupler 14, which is attached to one end of the 
gear shaft 13, and is provided with a twisted hole 50, 
the cross section of which is in the form of an 

15 equilateral triangle. 

On the other hand, the photoconductive drum 
80, or a cylindrical member which constitutes one of 
the components of the system to be driven by the 
driving system I, is provided with a twisted 

20 projection 10, which is the same in twist angle as the 
twisted hole of the female type coupler 50, and the 
cross section of which is in the form of an 
equilateral triangle. A male type portion 53 with the 
projection 10 in the form of a twisted pillar with a 

25 cross section in the form of an equilateral triangle 
doubles as a drum flange 80. Although the projection 
10 is in the form of an equilateral triangular pillar, 



here, it may be in the form of a polygonal pillar, the 
cross section of which is not in the form of an 
equilateral triangle. When one of the lateral walls 
of the hole of the female type portion is in contact 
with one of the lateral walls of the male type 
portion, the interface between the two members forms a 
twisted line 60. Therefore, as rotational force 
applies to the female type portion while the two 
members are in engagement with each other, the male 
type portion, that is, the member on the 
photoconductive drum 80 side is pulled into the female 
type portion, or the member on the apparatus main 
assembly side, being accurately positioned relative to 
the apparatus main assembly. As a result, the two 
shafts are precisely connected by this effect, that 
the male type portion is pulled into the female type 
portion, and the play between the photoconductive drum 
80 and apparatus main assembly in terms of the thrust 
and radial directions of the photoconductive drum 80 
is eliminated. 

Figure 16 shows the cross sections of the 
female and male type portions 14 and 53 in engagement 
with each other, at a plane perpendicular to the axial 
lines of the two members. In Figure 16(a), the solid 
line represents the cross section of the female type 
portion 71, or the driving side, with the hole 50, the 
cross section of which is in the form of an 
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equilateral triangle, and the broken line represents 
the projection 10, or the driven side, the cross 
section of which is in the form of an equilateral 
triangle. Under the condition depicted by Figure 
5 16(a), although the projection 10 is in the hole 50, 

the edges of the projection 10 are not in contact with 
the corresponding lateral walls of the hole 50, and 
therefore, there is play between the two members, and 
the axial line CI of the female type portion does not 

10 coincide with the axial line C2 of the male type 

portion. However, as rotational force is applied to 
the female type portion 71, the three lateral walls of 
the hole 50 contact the three edges of the projection 
10, one for one, automatically causing the axial lines 

15 CI and C2 to coincide with each other, as shown in 

Figure 16(b). Under the condition depicted by Figure 
16(b), the driving force applied to the female type 
portion 71 is transmitted as forces F by the 
interfaces (contact points) between the female and 

20 male type portions. 

As described above, a coupling which 
comprises a combination of a female type portion and a 
male type portion, and in which the male type portion 
is engaged into, and then is placed in contact with, 

25 the female type portion, makes it possible to connect 
two shafts while automatically aligning the two 
shafts, accurately positioning them, and eliminating 
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the play. Therefore, such a coupling is considered 
effective as a member for the connection between the 
photoconductive rum of an image formation unit in the 
form of a cartridge, and the image forming apparatus 
5 main assembly. Further, a coupling, in which the hole 
of the female type portion and the projection of the 
male type portion are in the form of a twisted 
polygonal pillar, provides the effect that a 
photoconductive drum is pulled toward the image 
10 forming apparatus main assembly in terms of their 

axial directions, in addition to the above described 
effects . 

The above described coupling, however, 
suffers from the problem that as the driven system is 

15 subjected to force other than the force transmitted 
from the driving system, the contact between the two 
systems is disturbed. For example, as a 
photoconductive drum comes into contact with an 
intermediary transfer member, the photoconductive 

20 member is subjected to such force that applies to the 
photoconductive member in the circumferential 
direction of the photoconductive member, and this 
force disturbs the contact between the two members of 
the above described coupling. More specifically, two 

25 shafts to which the female and male type portions of 
the aforementioned coupling are attached one for one 
are kept aligned with each other by the contact 



-8- 



between the two members of the coupling, and 
therefore, as the contact between the two members is 
disturbed, the two shafts become misaligned with each 
other, causing an image to be misaligned with 
5 recording medium, as the image is formed. This has 
been a significant problem. 

SUMMARY OF THE INVENTION 

Thus, the primary object of the present 

10 invention is to provide a driving force transmission 
mechanism, which assures that even when the contact 
between the female and male type portions of a 
coupling is disturbed by a force other than the force 
transmitted to the driven system from a driving 

15 system, the normal contact is maintained between the 

female and male type portions of the coupling, so that 
the cylindrical member of a driven system remains 
properly supported, and the accuracy of the alignment 
between the driven and driving systems is maintained 

20 regardless of the size of the play between the female 
and male type portions when they are in engagement 
with each other. 

According to an aspect of the present 
invention, there is provided a drive transmission 

25 apparatus comprising a first coupling portion having a 
polygonal shape; a second coupling portion having a 
hole portion which has a cross-sectional configuration 
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larger than said first coupling portion, said hole 
portion being engageable with said first coupling 
portion; and a center shaft provided on said first 
coupling or said second coupling, said center shaft 
5 penetrating the other one of said first and second 
coupling. 

According to another aspect of the present 
invention, there is provided an image forming 
apparatus comprising a photosensitive member; charging 

10 means for charging said photosensitive member; image 
forming means for forming an electrostatic image on 
said photosensitive and charged by said charging 
means; developing means for developing the 
electrostatic image; transferring means for 

15 transferring the image developed by said developing 
means onto a recording material; a driving source; a 
driver for transmitting a driving force from said 
driving source to said photosensitive member; a first 
coupling portion having a polygonal shape; a second 

20 coupling portion having a hole portion which has a 

cross-sectional configuration larger than said first 
coupling portion, said hole portion being engageable 
with said first coupling portion; and a center shaft 
provided on said first coupling or said second 

25 coupling, said center shaft penetrating the other one 
of said first and second coupling; wherein said 
photosensitive member has one of said first coupling 
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portion and said second coupling portion, and said 
driver as the other coupling portion. 

According to a further aspect of the present 
invention, there is provided a process unit which is 
5 detachably mountable to an image forming apparatus 

having a driving portion, said process unit including 
process means actable on the photosensitive member, 
said process unit comprising a first coupling portion 
having a polygonal shape and engageable with the 

10 driving portion of the main assembly of the apparatus; 
a hole portion engaged with a center shaft penetrating 
an engaging portion between said first coupling 
portion and the driver. 

These and other objects, features and 

15 advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of an 
example of an image forming apparatus in accordance 
with the present invention. 
25 Figure 2 is a sectional view of an example of 

a process unit in accordance with the present 
invention. 
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Figure 3 is a sectional view of an example of 
a driving force transmission mechanism in accordance 
with the present invention. 

Figure 4 is a sectional view of another 
5 example of a driving force transmission mechanism in 
accordance with the present invention. 

Figure 5 is a sectional view of another 
example of a driving force transmission mechanism in 
accordance with the present invention. 
10 Figure 6 is a perspective view of the elastic 

member in the driving force transmission mechanism 
shown in Figure 3. 

Figure 7 is another example of a driving 
force transmission mechanism in accordance with the 
15 present invention. 

Figure 8 is another example of a driving 
force transmission mechanism in accordance with the 
present invention. 

Figure 9 is another example of a driving 
20 force transmission mechanism in accordance with the 
p r e s ent i n vent i on . 

Figure 10 is another example of a driving 
force transmission mechanism in accordance with the 
present invention. 
25 Figure 11 is another example of a process 

unit in accordance with the present invention. 

Figure 12 is a drawing for describing a 
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method for driving a photoconductive drum with the use 
of a shaft without a coupling. 

Figure 13 is a drawing for describing a 
method for driving a photoconductive drum with the use 
5 of a shaft with a coupling. 

Figure 14 is a drawing for a coupling 
comprising a female type portion and a male type 
portion, which couple with each other. 

Figure 15 is a drawing for describing a 
10 coupling comprising a female type portion with a 

coupling hole in the form of a polygonal pillar, and a 
male type portion with a coupling projection in the 
form of a polygonal pillar, which couple with each 
other . 

15 Figure 16 is a drawing for describing how the 

female and male type portions of the coupling shown in 
Figure 15 are automatically aligned with each other 
through their contact with each other. 



20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, a driving force transmission 
mechanism, an image forming apparatus, and a process 
unit, which are in accordance with the present 
invention, will be described with reference to the 

25 appended drawings. In the following descriptions, the 
members which are similar to those described above 
will be given the same referential codes as the 
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referential codes given to those described above. 
Embodiment 1 

Referring to Figures 1 and 2, the first 
embodiment of the present invention will be described. 
5 First, the image forming apparatus in this 

embodiment will be described with reference to Figure 
1. The image forming apparatus in this embodiment is 
an electrophotographic color image forming apparatus, 
which employs an intermediary transfer belt 82. It 

10 also has yellow, magenta, cyan, and black image 

forming stations 1, 2, 3 and 4, which are disposed in 
parallel along the horizontal portion of the 
intermediary transfer belt 82. In the drawing, 
referential codes Y, M, C and K mean yellow, magenta, 

15 cyan, and black colors, correspondingly. Although the 
image forming station arrangement order is Y, M, C and 
K from the left in this embodiment, it may be 
different from the order in this embodiment. 

The image forming stations 1-4 comprises: 

20 photoconductive drums 80Y, 80M, 80C and 80K, as image 
bearing members; charging apparatuses 86Y, 86M, 86C 
and 86K; an unshown exposing apparatus; and developing 
means 81Y, 81M, 81C and 81K, correspondingly. 

Referring to Figure 2, the photoconductive 

25 drums 80Y, 80M, 80C and 80K, charging apparatuses 86Y, 
86M, 86C and 86K, and developing means 81Y, 81M, 81C 
and 8 IK, are integrally disposed in four process 
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cartridges, one for one, being unitized, which are 
removably mountable in the main assembly of an image 
forming apparatus by being assisted by an unshown 
mounting means. 

The photosensitive drums 80Y, 80M, 80C and 
80K, are uniformly charged by the charging apparatuses 
86Y, 86M, 86C and 86K, correspondingly, and then, four 
latent images in accordance with image formation data 
are formed on the photoconductive drums 80Y, 80M, 80C 
and 80K, one for one, by the unshown exposing 
apparatus. The four latent images are visualized as 
four toner images by the developing means 81Y, 81M, 
81C and 81K, correspondingly, and are transferred 
(primary transfer) in layers onto the intermediary 
transfer belt 82, which is being rotated in the 
direction of an arrow mark B by a driving roller 85, 
by the functions of transferring apparatuses 87Y, 87M, 
87C and 87K, correspondingly. Then, the four toner 
images on the intermediary transfer belt 82 are 
transferred all at once onto a transfer medium as a 
recording medium, which is being conveyed in the 
direction of an arrow mark C from sheet feeding 
stations 90 or 91, in the secondary transfer station 
83. Thereafter, the transfer medium onto which the 
four toner images have been transferred all at once is 
conveyed to a fixing apparatus, in which the four 
toner images are permanently fixed to the transfer 



-15- 



medium, becoming a permanently fixed full -color image. 

Also referring to Figure 2, each process unit 
B in this embodiment comprises a development unit D 
and charging unit C, which are integrally joined with 
5 each other. The development unit D comprises a 

photoconductive drum 80, a developing means, and a 
developing means frame 112, and the photoconductive 
drum 80 and developing means are integrally disposed 
in the developing means frame 112. The charging unit 
10 C comprises a charging means 86, a charging brush 111, 
a charging means frame 113, and the like, and the 
charging means 86, charging brush 111, and the like, 
are integrally disposed in the charging means frame 
113. 

15 Next, referring to Figure 3, the driving 

system with which the main assembly of the image 
forming apparatus is provided will be described. 

The driving system I comprises a motor 11, a 
driving gear 12, a gear shaft 13, and a second 

20 coupling portion 14, with which the apparatus main 

assembly is provided. As the driving gear 12 rotates 
by receiving driving force from the motor 11 as a 
driving force source, the gear shaft 13 as an output 
shaft coaxial with the driving gear 12 rotates with 

25 the driving gear 12. The gear shaft 13 is put through 
a through hole 14a of the second coupling portion 14, 
doubling as the central shaft of the coupling. The 
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portion L of the gear shaft 13, around which the 
second coupling portion 14 fits, and the through hole 
14a of the second coupling portion 14, are both given 
a cross section in the form of D, that is, a shape 
5 formed by removing a segment of a substantial size 
from a disk, with the portion L fitted through the 
through hole 14a, so that the gear shaft 13 and second 
coupling portion 14 rotate together. 

The second coupling portion 14 is provided 

10 with a hole 50, which is polygonal (for example, 

triangular as shown in Figure 16) in cross section and 
is located on one end of the second coupling portion 
14 in terms of the axial direction of the second 
coupling portion 14. After the second coupling 

15 portion 14 is attached to the gear shaft 13, the axial 
line of the hole 50 coincides with the rotational axis 
of the shaft 13. Placing the hole 50 in the second 
coupling portion 14 makes it easier to change the 
shape of the hole 50; the shape of the hole 50 can be 

20 changed by switching the second coupling 14. It also 
makes it possible to set the size of the hole 50 
independently from the external diameter of the gear 
shaft 13. 

The gear shaft 13 also is provided with two 
25 retainer ring grooves 13a and 13b, which are located 
in a manner to sandwich the second coupling portion 
14, and in which retainer rings 15 and 17 in the form 
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of a letter E are fitted one for one. The position of 
the second coupling portion 14 relative to the gear 
shaft 13 is fixed by the E-shaped retainer ring 15, or 
the retainer ring on the drum side. With this 
5 arrangement, the position at which the first coupling 
portion 10 in the form of a polygonal pillar, which 
will be described later, engages into the hole 50, is 
regulated. The E-shaped retainer ring 17, or the 
retainer ring on the driving gear side, constitutes a 

10 portion to which a spring 16 as a pressure generating 
member is anchored. As is evident from the above 
description, the spring 16 is fitted around the drive 
shaft 13, being sandwiched between the E-shaped 
retainer ring 17, or the retainer ring on the driving 

15 gear side, and the second coupling portion 14, and 

keeps the second coupling portion 14 pressed against 
the E-shaped retainer ring 15, or the retainer ring on 
the driving gear side. With this structural 
arrangement, the second coupling portion 14 is allowed 

20 to move in the axial direction of the gear shaft 13, 

and the female and male type portions of the coupling * 
can be easily engaged with, or disengaged from, each 
other, by switching the rotational direction of the 
driving system I. Incidentally, instead of using the 

25 E-shaped retainer rings 15 and 17 by providing the 
driving shaft 13 with the retainer ring grooves 13a 
and 13b, the driving shaft 13 may be provided with 
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collars, which are formed by increasing the diameter 
of the gear shaft 13 at specific portions . 

Next, the driven system II, or the system to 
be driven by the driving system I, will be described. 
The photoconductive drum 80 (80Y, 80M, 80C and 80K) as 
a cylindrical member to be driven is provided with a 
pair of drum flanges, which are located at the 
lengthwise ends of the photoconductive drum 80, one 
for one. One of the drum flanges, which is unshown, 
rotational ly supports the photoconductive drum 80. 
The other drum flange, or the drum flange 18, 
integrally comprises a first coupling portion 10, 
which is in the form of a polygonal pillar (for 
example, pillar having a cross section in the form of 
an equilateral triangle), and fits into the hole 50 of 
the second coupling portion 14. In other words, the 
hole 50 is used as one side of a coupling, and the 
first coupling 10 in the form of a polygonal pillar is 
used as the other side of the coupling. 

The flange 18 is also provided with a through 
hole 19, which extends through the center of the 
flange 18, and through which the extension portion 130 
(drum shaft portion) of the gear shaft 13, extending 
beyond the second coupling portion 14, is put. 
Putting the extension portion 130 of the gear shaft 13 
through the through hole 19 assures that the 
photoconductive drum 80 is properly supported. The 
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photoconductive drum 80 is set, as a part of a process 
cartridge, relative to the image forming apparatus 
main assembly, as described above, in other words, it 
is supported so that it can be mounted or dismounted 
5 for maintenance and/or replacement. 

Here, the driven system II will described 
with reference to the case in which an equilateral 
triangle is selected as the cross sectional shape of 
the aforementioned hole 50 and coupling portion 10. 

10 The first coupling portion 10, or the 

projection on the driven system side, having a cross 
section in the form of an equilateral triangle, 
engages into the hole 50 on the driving system side 
having a cross section in the form of an equilateral 

15 triangle (which hereinafter will be referred to as 

"engagement of male type coupling portion into female 
type coupling portion"). The driving gear 12, gear 
shaft 13, and second coupling portion 14 are rotated 
together by the driving force from the motor 11. 

20 During the engagement of the first coupling portion 
into the hole 50, the extension portion 130 of the 
gear shaft 13 fits into the hole 10 of the drum flange 
18 (which hereinafter will be referred to as 
"engagement of shaft into hole"). The second coupling 

25 portion 14 is attached so that the axial line of the 

hole 50 coincides with the rotational axis of the gear 
shaft 13, and the axial line of the through hole 19, 



-20- 



into which the extension portion 130 of the gear shaft 
13 is put, is made to coincide with the axial line of 
the first coupling portion 10 in the form of a 
projection having a cross section in the form of an 
5 equilateral triangle. The cross section of the 

twisted hole 50, and the cross section of the first 
coupling in the form of the pillar having a cross 
section in the form of an equilateral triangle are 
similar to each other, being in the form of an 

10 equilateral triangle. Therefore, as the second 

coupling portion 14 is rotated, it comes into contact, 
and remains in contact, with the first coupling 
portion 10 at three points (as shown in Figure 9(b)). 
As a result, the photoconductive drum 80 is pulled in 

15 by the apparatus main assembly side, being fixed in 

position relative to the apparatus main assembly, and 
at the same time, the hole 50, and the first coupling 
portion 10 in the form of a polygonal pillar, are 
automatically aligned so that their axial lines 

20 coincide with each other. During this process, the 
aligned axial lines of the hole 50 and the first 
coupling portion 14 in the form of a pillar having a 
cross section in the form of an equilateral triangle, 
coincide with the rotational axis of the gear shaft 

25 13. Therefore, the engagement of the shaft into the 
hole does not interfere with the automatic axial line 
aligning function of the coupling. Using the gear 
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shaft 13 as a coupling shaft by putting it through the 
second coupling portion 14 improves the accuracy with 
which the axial lines of the driving system and driven 
system are aligned with each other. 
5 The play between the flange 18 and the 

extension portion 130 of the gear shaft 13, that is, 
the play between the wall of the through hole 19 of 
the flange 18 and the peripheral surface of the 
extension portion 130 of the gear shaft 13, is made 

10 smaller than the play between the second coupling 

portion 14 and the first coupling portion 10, that is, 
the play between the wall of the hole 50 of the second 
coupling portion 14, and the lateral wall of the first 
coupling portion 10. As a result, the maximum amount 

15 of the play of the photoconductive drum in terms of 
its radius direction (which hereinafter will be 
referred to as "radial direction") is regulated by the 
amount of the play between the flange 18 and the 
extension portion 130 of the gear shaft 13, instead of 

20 the play between the second coupling portion 14 and 
the first coupling portion 10. Therefore, the 
displacement of the photosensitive drum 80 in the 
radial direction, which occurs as the photoconductive 
drum 80 is made to rotate faster than the normal 

25 speed, by the external disturbance such as the contact 
by the intermediary transfer belt 82 or the like, can 
be virtually eliminated by minimizing the play between 
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the flange 18 and the extension portion 130 of the 
gear shaft 13, within a range in which the reduction 
of the play between the flange 18 and the extension 
130 of the gear shaft 13 does not interfere with the 
5 rotation of the photoconductive drum 80, in other 

words, the alignment accuracy between the axial line 
of the photoconductive drum 80 and the axial line of 
the driving shaft 13 can be maintained by minimizing 
the play between the flange 18 and the extension 

10 portion 130 of the gear shaft 13. Further, the play 
between the first and second coupling portions 14 and 
10 in terms of their radial directions may be 
increased. Therefore, ease of the engagement of the 
first coupling portion 10 in the form of a polygonal 

15 pillar into the hole 50 can be improved by increasing 
the play between the first and second coupling 
portions 14 and 10, to improve the cartridge in terms 
of operativity. 

Further, the end of the extension portion 130 

20 of the gear shaft 13 may be tapered (portion 98 in 
Figure 8) so that the tapered portion 98 guides the 
extension portion 130 to make it easier for the 
extension portion 13 to slip into the through hole 19. 
Although the first coupling portion 10 in 

25 this embodiment is in the form of a simple polygonal 

pillar, a first coupling portion may be in the form of 
a twisted polygonal pillar, the twist angle of which 
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is the same as that of the hole 50. In such a case, 
the contact, that is, interface, between the two 
coupling portions will be in the form of a twisted 
line, instead of a point, being greater in the size of 
5 contact. Therefore, the force with which the 

photoconductive drum is pulled in, that is, the force 
which keeps the two shafts connected, is greater. 

In this embodiment, the driving force 
transmission mechanism in accordance with the present 

10 invention was described as the driving force 

transmission mechanism for transmitting driving force 
to the photoconductive drum of an image forming 
apparatus. However, it can be used as a driving force 
transmission mechanism for a rotational member other 

15 than the photoconductive member of an image forming 
apparatus . 

Also in this embodiment, the structural 

arrangement is such that the driving force from the 

motor 11 is transmitted through the driving gear 12. 
20 However, the output shaft of the motor 11 may be 

directly connected to the gear shaft 13 without 

interposing the driving gear 12. 

Further, in this embodiment, the first 

coupling portion 10 in the form of a polygonal pillar 
25 is on the driven side, and the second coupling portion 

with the coupling hole 50 is on the driving side. 

However, the drum flange 18 on the driven side may be 
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provided with the coupling hole 50 while placing the 
first coupling 10 in the form of a polygonal pillar on 
the driving side. Such an arrangement can provide the 
same effects as those provided by the arrangement in 
5 this embodiment. 
Embodiment 2 

Next, the second embodiment of the present 
invention will be described with reference to Figure 
4. 

10 In the first embodiment, the extension 

portion 130 of the gear shaft 13 is used as the shaft 
for the shaft-hole engagement. However, in this 
embodiment, the shaft used for the shaft-hole 
engagement is rendered independent from the gear shaft 

15 13. 

Referring to Figure 4, a driving system I 
comprises a motor 11, a driving gear 12, a gear shaft 
13, and a second coupling portion 14. The second 
coupling portion 14 and gear shaft 13 are connected by 

20 a connecting member 90, and the second coupling 

portion 14 is attached to the drum side end portion of 
the connecting member 90, and connecting member 90 
functions as the center shaft for the second coupling 
portion 14. One end of the connecting member 90 is 

25 provided with a hole 92, and a collar 94, which are 
located at the drum side end to accurately position 
the second coupling member 14, whereas the other end 
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of the connecting member 90 is provided with a hole 
95, into which the gear shaft 13 engages. The 
connecting member 90 is held to the gear shaft 13 with 
the use of a retainer 93 or the like. The connecting 
member 90 is in the form of a letter D, like a figure 
formed by removing a segment of a substantial size 
from a disk, so that the second coupling portion 14 
rotates with the connecting member 90. 

The second coupling portion 14 in this 
embodiment is provided with a hole 50 as is the second 
coupling portion 14 in the first embodiment. The hole 
50 is polygonal in cross section, and is located at 
the end of the second coupling portion 14, on the 
photoconductive drum 80 side. Here, the driving gear 
12, gear shaft 13, and holes 92 and 50 of the 
connecting member 90, coincide in axial line, and 
rotate together. The second coupling 14 is kept under 
the pressure generated by a spring 16, and is allowed 
to move in its axial direction, as is the second 
coupling 14 in the first embodiment. 

On the other hand, the driven system II is a 
process unit removably mountable in the image forming 
apparatus main assembly. The process unit comprises a 
photoconductive drum 80, each end of which is fitted 
with a drum flange. The drum flange 18, that is, the 
one which faces the hole 50, is integral with a first 
coupling portion 10, which is in the form of a 
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polygonal pillar and engages into the hole 50. The 
drum flange 18 is also provided with a shaft 91, which 
engages into the hole 92 of the connecting member 90, 
which coincides in axial line with the first coupling 
5 portion 10 in the form of a polygonal pillar. A part 
of the shaft 91 protrudes from the end surface of the 
first coupling portion 10 in the form of a polygonal 
pillar. The length of this protruding portion of the 
shaft 91 is rendered less than the depth of the hole 

10 92 so that the position of the photoconductive drum 80 
relative to the apparatus main assembly in terms of 
its axial direction becomes fixed as the end surface 
of the first coupling portion 10 in the form of a 
polygonal pillar comes into contact with the bottom 

15 surface of the hole 50 as the photoconductive drum 80 
is pulled into the apparatus main assembly. The shaft 
91 is fixed to the drum flange 18 by being pressed 
into the drum flange, or with the use of adhesive, and 
rotates with the photoconductive drum 80. Further, 

20 the play in the engagement of the shaft 91 into the 
hole 92 is rendered smaller than the play in the 
engagement of the male type coupling portion into the 
female type coupling portion, as in the first 
embodiment . 

25 Also as in the first embodiment, with the 

provision of the above described structural 
arrangement, the displacement of the photoconductive 
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drum 80 in the radial direction, which occurs as the 
photoconductive drum 80 is made to rotate faster than 
the normal speed, by the external disturbance such as 
the contact by the intermediary transfer belt 82 or 
5 the like, is virtually eliminated. Thus, the 

alignment accuracy between the axial line of the 
photoconductive drum 80 and the axial line of the 
driving shaft 13 is maintained, minimizing the 
reduction of driving force transmission accuracy. 
10 Further, the end of the shaft 91 may be tapered 

(portion 98) so that the tapered portion 98 guides the 
shaft 91 to make it easier for the shaft 91 to slip 
into the hole 92, during the mounting of the process 
unit . 

15 Making the coupling shaft separated from the 

shaft on the driving side, as is the shaft 91 in this 
embodiment, makes it possible to use substance 
superior in slidability and strength as the material 
for the coupling shaft. Further, it allows the 

20 coupling shaft to be switched, and therefore, the 

amount of the play in the shaft-hole engagement can be 
easily changed or adjusted by switching the coupling 
shaft. 

Although the shaft 91 in this embodiment is 
25 made to protrude from the first coupling 10 in the 

form of a polygonal pillar, a shaft 91 may be made to 
protrude from the bottom surface of the hole 50 of the 
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second coupling portion. Such a structural 
arrangement can also provide the same effects as those 
obtained by the structural arrangement in this 
embodiment . 

5 The first coupling portion in this 

embodiment, in the form of a polygonal pillar, may be 
in the form of a twisted polygonal pillar, the twist 
ratio of which is the same as that of the hole 50, as 
in the first embodiment. 

10 Although in this embodiment, the first 

coupling portion 10, in the form of a polygonal 
pillar, is on the driven side, and the second coupling 
portion with the hole 50 is on the driving side, their 
positions may be reversed; even if their positions are 

15 reversed, the same effects as those provided in this 
embodiment can be obtained. 

As described above, in a driving force 
transmission mechanism, a process unit, and an image 
forming apparatus, which are in accordance with the 

20 present invention, a cylindrical member can be 

connected to, or disconnected from, a driving system 
through the engagement of the polygonal projection of 
a coupling portion into a polygonal hole of another 
coupling portion. The driving force from the driving 

25 system is transmitted through a plurality of 

interfaces, in the form of a point or a line, between 
the polygonal projection of a coupling portion, and 
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the walls of the polygonal hole of another coupling 
portion, when the two coupling portions are engaged. 
Either the coupling portion with the polygonal 
projection or the coupling portion with the polygonal 
5 hole is provided with a shaft which protrude in the 
axial direction of the coupling, and the coupling 
portion which is not provided with the protruding 
shaft is provided with a hole into which the 
protruding shaft engages. Therefore, even if the 

10 contact between the first and second coupling portions 
is disturbed as the cylindrical member is made to 
rotate faster than the normal speed by external force 
other than the force which the driven side receives 
from the driving side, the cylindrical member on the 

15 driven side remains stably supported. Further, the 
alignment accuracy between the driving and driven 
sides can be maintained regardless of the play between 
the female and male type coupling portions, that is, 
the first and second coupling portions, in terms of 

20 their radial direction. Therefore, it is possible to 
reduce color deviation to provide a high quality 
image . 

Embodiment 3 

Next, referring to Figure 5, the third 
25 embodiment of the present invention will be described. 
A drum flange 18 is provided with a cylindrical 
elastic member 5 as a braking member, which is formed 
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of rubber or the like. Referring to Figure 6, the 
details of the elastic member 5 will be described. 
The elastic member 5 is provided with a center hole 6, 
which is a through hole, into which the extension 
5 portion 130 of a gear shaft 13 is engaged. The gear 
shaft 13 also constitutes the central shaft of the 
coupling. The internal diameter of the hole 6 is 
smaller than that of the through hole 19 of the drum 
flange 18, which extends in the axial direction of the 

10 drum flange 18 inclusive of the first coupling portion 
10, that is, a projection in the form of a polygonal 
pillar; the internal diameter of the hole 6 is such 
that when the extension portion 130 of the gear shaft 
13 is in the through hole 19, there is no play between 

15 the drum flange 18 and the extension portion 130 of 
the gear shaft 13. With the provision of this 
structural arrangement, as the extension portion 130 
of the gear shaft 13 is engaged into the hole 6 of the 
elastic member 5, it is constricted by the elastic 

20 member 5 because of the resiliency of the elastic 

member 5. Thus, when the photoconductive drum 80 is 
subjected to external force, for example, the force 
generated by the friction from an intermediary 
transfer belt 82, the external force is canceled by 

25 the friction between the extension portion 130 of the 
gear shaft 13 and the wall of the hole 6, and 
therefore, the state of the contact between the female 
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and male type coupling portions remains normal. 

The amount of the friction between the 
extension portion 130 of the gear shaft 13 and the 
wall of the hole 6 is determined by two values: value 
5 of the coefficient of the friction between the 

extension 130 of the gear shaft 13 and the elastic 
member 5, and value of the resiliency of the elastic 
member 5 . The two values are set so that the amount 
of the friction between the extension 130 of the gear 

10 shaft 13 and the wall of the hole 6 succumbs to the 
torque of the gear shaft 13 as an output shaft, but 
overcomes the external force (for example, the force 
generated by the friction between the photoconductive 
drum 80 and intermediary transfer belt 82) which acts 

15 upon the photoconductive drum 80. With such an 

arrangement, the friction, which functions as braking 
force, does not becomes a hindrance to the normal 
coupling movement of the first coupling portion 10 in 
the form of a polygonal pillar into the hole 50 of the 

20 second coupling portion, which is polygonal in cross 
section, and also keeps the first and second coupling 
portions normally coupled. Therefore, while the 
photoconductive drum 80 is driven, the driving system 
remains always property aligned with the 

25 photoconductive drum 80. 

Also referring to Figure 6, the edge of the 
opening of the hole 6, into which the extension 
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portion 130 of the gear shaft 13 is inserted, is 
tapered, creating a tapered portion 4. This tapered 
portion 4 functions as a guide for guiding the 
extension portion 130 of the gear shaft 13 when the 
extension portion 130 of the gear shaft 13 is inserted 
into the hole 6. It also prevents the elastic member 
5 from being separated from the drum flange 18 by the 
extension portion 130 of the gear shaft 13. 

Further, in order to prevent the elastic 
member 5 from rotating relative to the drum flange 18, 
the elastic member 5 is provided with a flat portion, 
which is formed by removing the portions of the 
elastic member 5, equivalent to a segments of a disk. 
Providing the elastic member 5 with a pair of flat 
portions 3 parallel to each other as shown in Figure 6 
makes it possible to regulate the elastic member 5 so 
that the elastic member 5 is allowed to move in the 
specified direction only. In such a case, the drum 
flange 18 is provided with a hole 7, the cross section 
of which is in the form of an elongated hole, and the 
elastic member 5 is fitted in the hole 7, with the 
provision of play only in the direction parallel to 
the long axis of the cross section of the hole 7. 

With the provision of the above- described 
structural arrangement, as the tapered portion 98 at 
the end of the extension portion 130 comes into 
contact with the tapered portion 4 of the hole 6 
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during the insertion of the extension portion 130 of 
the gear shaft 13 into the hole 6, the position of the 
elastic member 5 is automatically adjusted so that the 
extension 130 of the gear shaft 13 fits into the hole 
5 6- In other words, the extension portion 130 of the 
gear shaft 13, through hole 19, and hole 6 of the 
elastic member 5, coincide in axial line; such 
problems as the misalignment between the driving side 
and driven side of the coupling are prevented. 

10 Further, the play between the elastic member 5 and the 
wall of the hole 7 with a cross section in the form of 
an elongated hole is such that the elastic member 5 is 
allowed to move only in the direction parallel to the 
long axis of the cross section. Therefore, the 

15 elastic member 5 rotates with the drum flange 18, 

without any play in terms of its rotational direction. 

Referring again to Figure 5, the elastic 
member 5 is positioned as far as possible from the 
polygonal projection 10. More concretely, the elastic 

20 member 5 is positioned so that the extension portion 
130 of the gear shaft 13 is inserted into the hole 6 
of the elastic member 5 after the engagement of the 
first coupling portion 10 in the form of a polygonal 
pillar into the hole 50 which is polygonal in cross 

25 section. With this structural arrangement, the 

resistance a user feels when inserting the extension 
portion 130 of the gear shaft 13 into the hole 6 is 
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smaller; the resistance a user feels when inserting 
the extension portion 130 of the gear shaft 13 can be 
utilized as a means for assuring the user that the 
polygonal projection 10 is being properly set relative 
5 to the polygonal hole 50. 

Although the first coupling portion in this 
embodiment is in the form of a simple polygonal 
pillar, a first coupling portion may be in the form of 
a twisted polygonal pillar, the twist angle of which 

10 is the same as that of the hole 50 with a polygonal 

cross section. Such a modification changes the state 
of the contact (interface) between the two coupling 
portions during driving force transmission, from a 
point to a twisted line. In other words, it increases 

15 the size of the interface between the two coupling 
portions, increasing the force generated by the 
contact between the two coupling portions in the 
direction to pull the photoconductive drum toward the 
apparatus main assembly, and therefore, increasing the 

20 force which keeps the two shafts properly connected. 

Further, in this embodiment, the first 
coupling portion 10 in the form of a polygonal pillar 
is disposed on the driven system side, and the hole 50 
with a polygonal cross section is disposed on the 

25 driving system side. However, the present invention 
is also applicable to a structural arrangement 
reversal to the structural arrangement in this 
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embodiment, that is, a structural arrangement in which 
the hole 50 with a polygonal cross section may be 
provided in the drum flange 18, while disposing the 
first coupling portion 10 in the form of a polygonal 
5 pillar on the driving system side. Such a 

modification can provide the same effects as those 
provided by the arrangement in this embodiment. 

Further, in this embodiment, the gear shaft 
13 itself, more precisely, its extension portion 130 

10 itself, is used as a coupling shaft. However, instead 
of using the extension portion 130 of the gear shaft 
13 as a coupling portion shaft, a shaft, which is 
independent from the gear shaft 13, but is made to 
rotate with the gear shaft 13, may be provided as a 

15 coupling shaft. When a coupling shaft independent 

from the gear shaft 13 is employed, the side on which 
the coupling shaft is disposed may be either of the 
first coupling portion 10 in the form of a polygonal 
pillar or the second coupling portion with the hole 50 

20 polygonal in cross section. 

In the above description of this embodiment, 
the embodiment was described with reference to a 
driving force transmission mechanism for a 
photoconductive drum. However, this embodiment of the 

25 present invention can be used as a driving force 

transmission mechanism for transmitting driving force 
to rotational members other than a photoconductive 
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drum. 

Also in this embodiment, a combination of a 
portion with a polygonal hole and a portion with a 
projection in the form of a polygonal pillar is 
5 employed as an essential portion of the driving force 
transmission mechanism. However, the combination does 
not need to be limited to the one in this embodiment. 
In other words, this embodiment is applicable to any 
driving force transmission mechanism, the coupling of 
10 which comprises female and male type portions, which 
are engaged with, or disengaged from, each other; the 
effects of such an application will be the same as 
those provided by this embodiment. 
Embodiment 4 

15 Next, referring to Figure 7, the fourth 

embodiment of the present invention will be described. 
In this embodiment, friction is used as braking force. 

A driven system II is a process unit, which 
comprises a photoconductive drum 80, and is removably 

20 mountable in the main assembly of an image forming 

apparatus. The photoconductive drum 80 is fitted with 
a pair of drum flanges, which are located at its 
lengthwise ends, one for one. Of the two flanges, the 
drum flange 18, that is, the one which faces the hole 

25 50 with a polygonal cross section, is integral with a 
first coupling portion 10 in the form of a polygonal 
pillar, which engages into the polygonal hole 50. 
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The drum flange 18 inclusive of the first 
coupling portion 10 in the form of a polygonal pillar 
is provided with a through hole 19, which extends in 
the axial direction of the drum flange 18 inclusive of 
5 the first coupling portion 10, and through which a 

gear shaft 13 is put. The axial line of the through 
hole 19 coincides with the axial line of the first 
coupling portion 10. The inward end of the drum 
flange 18 with respect to the photoconductive drum 80 

10 is provided with a pair of elastic members 31, for 
example, springs, which are attached to the drum 
flange 18 in such a manner that as the extension 
portion 130 of the gear shaft 13 is put through the 
through hole 19, the resiliency of the elastic members 

15 31 cause the elastic member 31 to press on the 

extension portion 130. The elastic member 31 is fixed 
to the drum flange 18 with the use of an unshown 
fixing means. With the provision of this structural 
arrangement, as a photoconductive drum 80 is subjected 

20 to an external force such as the force generated by 
the friction from an intermediary transfer belt 82, 
the external force is canceled by the friction between 
the extension portion 130 of the gear shaft 13 and the 
elastic members 31, and therefore, the female and male 

25 type coupling portions remain properly in contact with 
each other. 

The amount of the friction between the 
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extension portion 130 of the gear shaft 13, which also 
functions as the center shaft for the coupling, is set 
so that the friction succumbs to the torque of the 
gear shaft 13 as the output shaft, but overcomes 
external force (for example, the force generated by 
the friction caused by the intermediary transfer belt 
82) which acts upon the photoconductive drum 80. With 
this setup, the friction provided as braking force 
does not interfere with the normal engagement of the 
first coupling portion 10 in the form of a polygonal 
pillar into the hole 50 with a polygonal cross 
section, and keeps the female and male type coupling 
portions properly in contact with each other. Thus, 
the photoconductive drum 80 is always driven by the 
driving system I in the normal state. 

In this embodiment, two elastic members 31 
are disposed in a manner to sandwich the extension 
portion 130 of the gear shaft 13. However, there is 
no restriction regarding the number and position of 
the elastic members 31. 

The driving force transmission mechanism in 
this embodiment is structured so that the extension 
portion 130 of the gear shaft 13 comes into contact 
with the elastic members 31 after the engagement of 
the first coupling portion 10 in the form of a 
polygonal pillar into the hole 50 with a polygonal 
cross section. Such a structural arrangement can 
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reduce the resistance felt by a user as the extension 
portion 130 of the gear shaft 13 comes into contact 
with the elastic members 31, and the resistance felt 
by a user may be taken as an assurance that the 
5 polygonal projection 10 is being properly set relative 
to the polygonal hole 50. 

Incidentally, in this embodiment, the first 
coupling portion is in the form of a simple polygonal 
pillar. However, it may be in the form of a 

10 projection in the form of a twisted polygonal pillar, 
the twisted angle of which is the same as that of the 
hole 50, as is in the first embodiment. Further, 
regarding the side on which the first coupling portion 
10 in the form of a polygonal pillar or the second 

15 coupling portion 14 with the hole 50 with a polygonal 
cross section is disposed, instead of disposing the 
first coupling portion 10 on the drum flange side, and 
the second coupling portion 14 on the gear shaft side, 
the first coupling portion 10 may be disposed on the 

20 gear shaft side while disposing the second coupling 

portion 14 on the drum flange side, as may be done in 
the first embodiment. The reversal positioning of the 
first and second coupling portions 10 and 14 provides 
the same effects as the original positioning. 

25 Further, in this embodiment, the gear shaft 

13 itself, more precisely, its extension portion 130 
itself, is used as a coupling shaft. However, instead 
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of using the extension portion 130 of the gear shaft 
13 as a coupling shaft, a shaft, which is independent 
from the gear shaft 13, but is made to rotate with the 
gear shaft 13, may be provided as a coupling shaft, as 
5 is in the modification of the first embodiment. 

In the above description of this embodiment, 
a member having a twisted hole with a polygonal cross 
section, and a projection in the form of a polygonal 
pillar, are used as the driving force transmitting 

10 side and driving force receiving side, respectively, 

of the driving force transmission mechanism. However, 
the driving force transmitting side and driving force 
receiving side of a driving force transmission 
mechanism do not need to be in the form of those in 

15 this embodiment. The same effects as those provided 
by this embodiment can be obtained as long as a 
driving force transmission mechanism employs a 
combination of female and male type coupling portions 
as a means for engaging the driving system and driven 

20 system, and keeping them properly in contact with each 
other . 

Embodiment 5 

Next, referring to Figure 8, the fifth 
embodiment of the present invention will be described. 
25 In this embodiment, magnetic force is used as braking 
force. The driving system and driven system in this 
embodiment are virtually the same as those in the 
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third embodiment. Therefore, their detailed 
description will be omitted, and only the portions 
different from those in the third embodiment will be 
described. 

5 Referring to Figure 8, a drum flange 18 has a 

cylindrical magnetized member 201, which is disposed 
within the hollow of the drum flange 18. The 
magnetized member 201 is provided with a through hole 
202, the axial line of which is coincidental with that 

10 of the magnetized member 201, and in which the 

extension portion 130 of a gear shaft 13 is fitted. 
The diameter of the hole 202 may be larger than the 
external diameter of the extension portion 130 of the 
gear shaft 13; more precisely, it may be large enough 

15 to provide a certain amount of play between the wall 
of the hole 202 and the extension portion 130 of the 
gear shaft 13. On the other hand, a gear shaft 13 is 
formed of magnetic substance. 

With the provision of the above described 

20 structural arrangement, the extension portion 130 of 
the gear shaft 13 is magnetized by the magnetized 
member 201, and therefore, the portion of the 
extension portion 130 of the gear shaft 13 facing the 
magnetized member 201 is magnetized to the polarity 

25 opposite to the polarity of the portion of the 

magnetized member 201 facing the extension portion 130 
of the gear shaft 13. As a result, the magnetic force 
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acting between the extension portion 130 of the gear 
shaft 13 and the wall of the hole 202 acts in a manner 
to brake the extension portion 130 of the gear shaft 
13. Thus, as an external force, for example, the 
5 force generated by the friction from an intermediary 
transfer belt 82, acts upon a photoconductive drum 21, 
the external force is canceled by the magnetic force 
acting between the extension portion 130 of the gear 
shaft 13 and the wall of the hole 202, and therefore, 

10 the state of the contact between the female and male 
coupling portions is kept normal. 

Here, the magnetic force acting between the 
extension portion 130 of the gear shaft 13 is set 
within a range in which it succumbs to the torque of 

15 the gear shaft 13 as the output shaft, but overcomes 
the external force (for example, the force generated 
by the friction caused by the intermediary transfer 
belt 32) which acts upon the photoconductive drum 21. 

With the provision of the above described 

20 structural arrangement, the magnetic force provided as 
braking force can keep the coupling portion with the 
hole 50 with a polygonal cross section, normally in 
contact with the first coupling portion 10 in the form 
of a polygonal pillar, without interfering with the 

25 normal engagement of the first coupling portion 10 

into the hole 50. Therefore, the photoconductive drum 
21 is always driven by the driving system properly 
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connected to the photoconductive drum 21. 

Although the magnetized member 201 in this 
embodiment is in the form of a cylindrical member with 
a through hole (202), the configuration and position 
5 of the magnetized member 201 does not need to be 

limited to those in this embodiment, as long as they 
provide magnetic attraction, or braking force, between 
the magnetized member 201 and the extension portion 
130 of the gear shaft 13. 

10 Further, the magnetized member 201 is 

provided with a portion which prevents the magnetized 
member 201 from rotating relative to the drum flange 
18. This portion of the magnetized member 201 is the 
same in configuration as the rotation preventing 

15 portion of the elastic member 5 shown in Figure 6, for 
example. 

The polygonal projection in this embodiment 
may be in the form of the twisted polygonal projection 
in the first embodiment, the twist angle of which is 

20 the same as that of the hole 50 with a polygonal cross 
section. Regarding on which side between the driving 
system and driven system the projection 10 in the form 
of a polygonal pillar and the hole 50 with a polygonal 
cross section, are disposed, they can be disposed on 

25 either side, one for one, as in the first embodiment. 
Even if their positions are reversed from those in 
this embodiment, the same effects as those provided by 
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this embodiment will be obtained. 

Further, in the fifth embodiment, the gear 
shaft 13 itself, more precisely, the extension portion 
130 of the gear shaft 13, is used as the central shaft 
5 for the coupling. However, a magnetic shaft, which is 
independent from the gear shaft 13, but rotates with 
the gear shaft 13, may be employed as the coupling 
shaft . 

In the above described this embodiment, the 

10 female type portion with a twisted hole with a 

polygonal cross section, and male type portion with a 
projection in the form of a polygonal pillar, are 
chosen as the two sides of the coupling of the driving 
force transmission mechanism. However, the same 

15 effects as those provided by this embodiment can be 
obtained as long as the coupling of a driving force 
transmission mechanism employs female and male type 
portions which can be engaged with, disengaged from, 
or kept in contact with, each other. 

2Q Embodiment 6 

Next, referring to Figure 9, the sixth 
embodiment of the present invention will be described. 
In this embodiment, braking force acts only in one 
direction. The driving system I is the same in 

25 structure as that in the first embodiment, and 

therefore, its details will not be described here. 
Further, the driven system II is virtually the same as 
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that in the third embodiment, and therefore, only the 
portions of the driven system II different from those 
in the third embodiment will be described. 

Referring to Figure 9, a drum flange 18 has a 
cylindrical member 302, which is within the hollow of 
the drum flange 18. The cylindrical member 302 has a 
three- layer structure, comprising an innermost member 
302a, a one-way clutch 301, and an outermost member 
302b, listing from the central shaft side. The 
innermost member 302a is provided with a center hole 
303, into which the extension portion 130 of a gear 
shaft 13 engages. The relationship between the 
diameter of the hole 303 and the external diameter of 
the extension portion 130 of the gear shaft 13 is such 
that it leaves no play between the wall of the hole 
303 and the extension portion 130 of the gear shaft 
13. The gear shaft 13 and innermost member 302a are 
enabled to rotate together. On the other hand, the 
outermost member 303b is provided with such a 
mechanism that prevents the rotation of the outermost 
member 303b, while providing the outermost member 303b 
with directional play (Figure 6). 

With the provision of the above described 
structural arrangement, it becomes possible for the 
position of the cylindrical member 303 to be 
automatically adjusted as the extension portion 130 of 
the gear shaft 13 is inserted into the hole 303. 
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Therefore, it is possible to prevent such a problem as 
the shaft to be driven becomes connected askew to the 
driving shaft. The one-way clutch 302 regulates the 
rotational direction of the gear shaft 13 so that the 
5 gear shaft 13 is allowed to rotate in the driving 

direction (direction of an arrow mark E) . In other 
words, control is executed so that the outermost 
member 303b rotates in the direction of an arrow mark 
F relative to the innermost member 302 which rotates 

10 with the gear shaft 13. That is, the direction in 
which the driven side is allowed to rotate is such 
that the innermost member 302 and outermost member 
302b are sheared from each other in the directions of 
the arrow marks E and F, respectively, as if the one- 

15 way clutch 301 is the shearing line. 

On the contrary, the direction in which the 
photoconductive drum 80 is made to rotate faster than 
the normal speed, by external force, such as the force 
generated by the friction between the photoconductive 

20 drum 80 and the intermediary transfer belt 82, is the 
direction indicated by an arrow mark G. The outermost 
member 302b rotates with the drum flange 18. 
Therefore, as external force acts on the 
photoconductive drum 80 in the direction to rotate the 

25 photoconductive drum 80 faster than the normal speed 
in the direction of the arrow mark G, the external 
force also acts upon the outermost member 302b in the 
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direction of the arrow mark G. In this case, however, 
the portions which rotate in the directions indicated 
by the arrow marks E and G, respectively, are not 
sheared from each other, unlike the portions which 
5 rotate in the directions indicated by the arrow marks 
E and F, respectively. Therefore, as external force 
acts upon the photoconductive drum 80 in the direction 
to rotate the photoconductive drum 80 faster than the 
normal speed, braking force is applied by the one-way 

10 clutch 301. In other words, the structural 

arrangement in this embodiment cancels only the 
external force which acts upon the photoconductive 
drum 80 (for example, the external force generated by 
the friction from the intermediary transfer belt 82), 

15 and does not interfere with the normal contact between 
the second coupling portion with polygonal hole 50 and 
the first coupling portion 10 in the form of a 
polygonal pillar. Therefore, the female and male type 
portions of the coupling of the driving force 

20 transmission mechanism are kept normally in contact 

with each other. In other words, the photoconductive 
drum 80 is always driven by the driving system in the 
normal state of connection. 

Further, the driving force transmission 

25 mechanism in this embodiment is structured so that the 
extension portion 130 of the gear shaft 13 engages 
into the hole 303 after the engagement of the first 
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coupling portion 10 in the form of a polygonal pillar 
into the hole 50 with a polygonal cross section. Such 
a structural arrangement can reduce the resistance 
felt by a user as the extension portion 130 of the 
5 gear shaft 13 engages into the hole 303, and the 

resistance felt by a user when the process unit is 
mounted may be taken as an assurance that the 
polygonal projection 10 is being properly set relative 
to the polygonal hole 50. 

10 Incidentally, in this embodiment, the first 

coupling portion is in the form of a simple polygonal 
pillar. However, it may be in the form of a 
projection in the form of a twisted polygonal pillar, 
the twist angle of which is the same as that of the 

15 hole 50 of the second coupling portion, the cross 
section of which is polygonal, as is in the first 
embodiment. Further, regarding on which side between 
the driving system and driven system the projection 10 
in the form of a polygonal pillar and the hole 50 with 

20 a polygonal cross section, are disposed, they can be 
disposed on either side, one for one, as in the first 
embodiment. Even if their positions are reversed from 
those in this embodiment, the same effects as those 
provided by this embodiment will be obtained. 

25 Further, in this embodiment, the gear shaft 

13 itself, more precisely, its extension portion 130 
itself, is used as the coupling shaft. However, 
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instead of using the extension portion 130 of the gear 
shaft 13 as a coupling portion shaft, a shaft, which 
is independent from the gear shaft 13, but is made to 
rotate with the gear shaft 13, may be employed 
5 provided as a coupling shaft. 

In the above described embodiment, the female 
type portion with a hole with a polygonal cross 
section, and male type portion with a projection in 
the form of a polygonal pillar, are chosen as the two 

10 sides of the coupling of the driving force 

transmission mechanism. However, the same effects as 
those provided by this embodiment can be obtained by 
the employment of the structural arrangement in this 
embodiment as long as the coupling of a driving force 

15 transmission mechanism employs female and male type 
portions which can be engaged with, and kept in 
contact with, each other. 
Embodiment 7 

Referring to Figure 10, the seventh 

20 embodiment of the present invention will be described. 
In this embodiment, braking force is provided with the 
use of a powder brake. The driving system I and 
driven system II in this embodiment are the same in 
structure as those in the sixth embodiment. 

25 Therefore, their detailed structures will not be 

described here, except for the portions different from 
those in the sixth embodiment . 
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Ref erring to Figure 10, a drum flange 18 has 
a cylindrical member 502, which is in the hollow of 
the drum flange 18. The cylindrical member 502 has a 
three-layer structure, comprising an innermost member 
5 502a, a powder brake 501, and an outermost member 
502b, listing from the central shaft side. The 
innermost member 502a is provided with a center hole 
503, into which the extension portion 130 of a gear 
shaft 13 engages. The relationship between the 

10 diameter of the hole 503 and the external diameter of 
the extension portion 130 of the gear shaft 13 is such 
that it leaves no play between the wall of the hole 
503 and the extension portion 130 of the gear shaft 
13. The gear shaft 13 and innermost member 502a are 

15 enabled to rotate together. Therefore, as external 
force, such as the force generated by the friction 
from an intermediary transfer belt 82, acts upon the 
photoconductive drum 80, the external force is 
canceled by the braking force applied by the powder 

2Q brake 501 between the innermost and outermost members 
502a and 502b, respectively. Therefore, the female 
and male type portions of the driving force 
transmission mechanism are kept normally in contact 
with each other. 

25 The braking force of the powder brake 501 is 

set within a range in which it succumbs to the torque 
of the gear shaft 13 as the output shaft, but 
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overcomes the external force (for example, the force 
generated by the friction caused by the intermediary 
transfer belt 32) which acts upon the photoconductive 
drum 21. With the provision of the above described 
5 structural arrangement, the braking force provided by 
the powder brake 501 can keep the second coupling 
portion with the hole 50 with a polygonal cross 
section, normally in contact with the first coupling 
portion 10 in the form of a polygonal pillar, without 

10 interfering with the normal engagement of the first 

coupling portion 10 into the hole 50. Therefore, the 
photoconductive drum 80 is always driven by the 
driving system properly connected to the 
photoconductive drum 80 . 

15 The outermost member 502b is provided with 

such a mechanism that prevents the rotation of the 
outermost member 502b, while providing the outermost 
member 502b with directional play (Figure 6). 

With the provision of the above described 

20 structural arrangement, it becomes possible for the 
position of the cylindrical member 502 to be 
automatically adjusted as the extension portion 130 of 
the gear shaft 13 is inserted into the hole 503. 
Therefore, it is possible to prevent such a problem as 

25 the shaft to be driven becomes connected askew to the 
driving shaft at the coupling point. 

Further, the driving force transmission 



-52- 



mechanism in this embodiment is structured so that the 
extension portion 130 of the gear shaft 13 engages 
into the hole 503 after the engagement of the first 
coupling potion 10 in the form of a polygonal pillar 
5 into the hole 50 with a polygonal cross section. Such 
a structural arrangement can reduce the resistance 
felt by a user as the extension portion 130 of the 
gear shaft 13 engages into the hole 503, and the 
resistance felt by a user when the process unit is 

10 mounted may be taken as an assurance that the 

polygonal projection 10 is being properly set relative 
to the polygonal hole 50. 

Incidentally, in this embodiment, the first 
coupling portion is in the form of a simple polygonal 

15 pillar. However, it may be in the form of a 

projection in the form of a twisted polygonal pillar, 
the twist angle of which is the same as that of the 
hole 50 of the second coupling portion, the cross 
section of which is polygonal, as is in the first 

20 embodiment. Further, regarding on which side between 
the driving system and driving system the projection 
10 in the form of a polygonal pillar and the hole 50 
with a polygonal cross section, are disposed, they can 
be disposed on either side, one for one, as in the 

25 first embodiment. Even if their positions are 

reversed from those in this embodiment, the same 
effects as those provided by this embodiment will be 
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obtained. 

Further, in this embodiment, the gear shaft 
13 itself, more precisely, its extension portion 130 
itself, is used as the coupling shaft. However, 
5 instead of using the extension portion 130 of the gear 
shaft 13 as a coupling shaft, a shaft, which is 
independent from the gear shaft 13, but is made to 
rotate with the gear shaft 13, may be employed as a 
coupling shaft. 

10 In the above described this embodiment, the 

female type portion with a hole with a polygonal cross 
section, and male type portion with a projection in 
the form of a polygonal pillar, are chosen as the two 
sides of the coupling of the driving force 

15 transmission mechanism. However, the same effects as 
those provided by this embodiment can be obtained as 
long as the coupling of a driving force transmission 
mechanism employs female and male type portions which 
can be engaged with, and kept in contact with, each 

20 other. 

As described above, in a driving force 
transmission mechanism, a process unit, and an image 
forming apparatus, which are in accordance with the 
present invention, the coupling of the driving force 
25 transmission mechanism comprises a female type portion 
and a male type portion, which are attached to one of 
the lengthwise ends of the output shaft of the main 
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apparatus of the image forming apparatus, and one of 
the lengthwise ends of the cylindrical member in the 
process unit, one for one, and the driving force from 
the output shaft is transmitted to the cylindrical 
5 member through a plurality of interfaces, in the form 
of a point or a surface, between the female or male 
type portions. Either the female type portion or male 
type portion is provided with a shaft which protrudes 
in the direction of the gear shaft on the image 

10 forming apparatus main assembly side, and the other 

member, that is, the member which is not provided with 
the protruding shaft, is provided with a mechanism for 
providing braking force which works on the wall of the 
hole of the female type portion and the protruding 

15 shaft, in their circumferential directions. 

Therefore, even if the driven side of the driving 
force transmission mechanism is subjected to an 
external force other than the force transmitted from 
the driving side of the driving force transmission 

20 mechanism, the contact between the female and male 

type portions is kept in the normal state of contact, 
assuring that driving force is always satisfactorily 
transmitted from the driving side to the driven side, 
minimizing color deviation. Therefore, it is possible 

25 to provide a high quality image. 
Embodiment 8 

In this embodiment, or the eighth embodiment, 
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of the present invention, a center shaft is put 
through the driving force transmitting portion, and 
braking force is applied to a shaft integral with the 
center shaft, to provide a stabler driving force 
transmission mechanism. This structural arrangement 
is shown in Figure 11, which is a sectional view of a 
process unit 100 which employs the coupling in this 
embodiment . 

The photoconductive drum 80, with which the 
process unit 100 removably mountable in the main 
assembly of an image forming apparatus is provided, is 
provided with drums flanges 18b and 18d, which are 
attached to the lengthwise ends of the photoconductive 
drum 80 one for one. The drum flange 18b is provided 
with a first coupling portion 10 in the form of a 
polygonal pillar, which is on the rear side of the 
apparatus, and to which driving force is transmitted. 
The drum flange 18d is on the front side of the 
apparatus, and to which driving force is not 
transmitted. The drum flanges 18b and 18d each are 
provided with a center hole, through which a drum 
shaft 130a is put. Further, the drum flange 18b is 
provided with a hole 19, in which the driving shaft 13 
on the apparatus main assembly side is put. When the 
photoconductive drum 80 rotates, the drum shaft 130a, 
and drum flanges 18b and 18d, rotate with the 
photoconductive drum 80. In other words, the 
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photoconductive drum 80 rotates about the axial line 
of the drum shaft 130a. 

The front end of the drum shaft 130a is 
rotationally supported by a bearing 2e, which is fixed 
5 to a bearing case 2c. The bearing case 2c is fixed to 
the frame 59 of the process unit 100. 

As the process unit 100 is inserted into the 
image forming apparatus, the driving shaft 13, which 
also constitutes the center shaft of the coupling 

10 portion on the apparatus main assembly side, is 

inserted into the hole 19 of the drum flange 18b, 
enabling the drum shaft 130b and center shaft 13 to 
rotate together, and properly positioning the 
rotational center of the photoconductive drum 80 

15 relative to the apparatus main assembly. At the same 
time, the first coupling portion 10, with which the 
drum flange 18b is provided, engages into the second 
coupling portion 14 with a hole, on the apparatus main 
assembly side, enabling the photoconductive drum 80 to 

20 be rotationally driven. The first coupling portion 10 
is in the form of a triangular pillar, which not only 
is capable of transmitting driving force, but also is 
capable of generating such force that pulls the 
photoconductive drum 80 toward the apparatus main 

25 assembly in terms of the axial direction of the center 
shaft 13, as driving force is transmitted to the first 
coupling portion 10. 



-57- 

The rear plate 65 of the image forming 
apparatus is provided with a supporting pin 63 for 
positioning the process unit 100; as the supporting 
pin 63 is inserted into the frame 68 of the process 
unit 100, the position of the frame 68 of the process 
unit 100 becomes fixed. 

On the front side of the apparatus main 
assembly, a rotatable aligning plate 59 is disposed, 
to which the bearing case 2c of the process unit 100 
is fixed. Thus, as the process unit 100 comprising 
the photoconductive drum 80 is inserted into the 
apparatus main assembly through the above described 
steps, it is accurately positioned relative to the 
apparatus main assembly. 

On the other hand, the drum flange 18d on the 
non-driven side, fixed to the front side of the 
photoconductive drum 80, is provided with a recess, 
the bottom portion of which is provided with a rib 
2dl. Further, on the non-driven side, there is a 
torque limiter 2h, as a load generating means, for 
applying a predetermined amount of load to the drum 
shaft 130a in the circumferential direction of the 
photoconductive drum. The torque limiter 2h is fixed 
to the flange 18d on the non-driven side, by pressing 
one end of the torque limiter 2h into the rib 2dl . To 
the other end, that is, the one on the non-driven 
side, of the torque limiter 2h, a thrust applying 
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member 2i as a means for generating pressure in the 
axial direction the drum shaft 130a is fixed. The 
thrust applying member 2i is provided with a tapered 
portion 2il comprising ribs positioned equal distances 
from, and symmetrically with respect to, the axial 
line of the drum shaft 130a. With the provision of 
the above described structural arrangement, a 
predetermined amount of load is applied to the drum 
shaft 130a in the circumferential direction of the 
photoconductive drum 80 by the torque limiter 2h fixed 
to the drum flange 18d. Therefore, even if the 
process unit 100 is subject to external force other 
than the driving force from the apparatus main 
assembly, the two sides of the coupling of the driving 
force transmitting portion are kept in the normal 
state of contact, being enabled to satisfactorily 
transmitting driving force, and therefore, minimizing 
color deviation. As a result, a high quality image 
can be obtained. 

Incidentally, although the first coupling 
portion in this embodiment is in the form of a simple 
polygonal pillar, it may be in the form of a twisted 
polygonal pillar, as in the case of the modification 
of the first coupling portion in the preceding 
embodiments. Also, the polygonal pillar and polygonal 
hole may be positioned on the driving side and driven 
side of the coupling, respectively, or on the driven 
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side and driving side, respectively, of the coupling; 
the same effects as those provided by this embodiment 
can be obtained even if the polygonal pillar and 
polygonal hole are reversed in position. In other 
words, the coupling portion with which the process 
unit 100 is provided may be in the form of a polygonal 
pillar or a polygonal hole. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth and this 
application is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scope of the following claims. 



